As-synthesized, poly(4-styrenesulfonic acid) (PSS)-coated and SiO 2 coated gold nanorods were taken up by NG108-15 neuronal cells. Exposure to laser light at the plasmon resonance wavelength of gold nanorods was found to trigger the differentiation process in the nanoparticle treated cells. Results were assessed by measuring the maximum neurite length, the number of neurites per neuron and the percentage of neurons with neurites. When the intracellular Ca 2+ signaling was monitored, evidence of photo-generated transients were recorded without altering other normal cell functions. These results open new opportunities for peripheral nerve regeneration treatments and for the process of infrared nerve stimulation.
INTRODUCTION
Over the past decade, gold nanoparticles (Au NPs) have attracted considerable interest for biological applications such as labeling 1 , drug or gene delivery 2 , heating 3 , sensing 4 and imaging 5, 6 . These nanometer-scale metallic particles are particularly versatile because they support a wide range of surface functionalizations 1, 7, 8 and offer unusual optical properties. A variety of nanoparticle shapes, including spheres, rods, prisms and cubes have already been investigated 9 . Amongst them, gold nanorods (Au NRs) have proven to be particularly useful, as the optical absorption can be tuned over a wide wavelength range, from the visible to the near infrared region (NIR, λ ~ 750-1300 nm) by modifying the aspect ratio (length/width) of the rods [10] [11] [12] .
Recent applications of nanomaterials have tried to induce specific biological reactions in the nervous system. For example, it has been shown that a meshwork of carbon nanotubes can be used to induce neurite regrowth in dorsal spinal explants of mouse embryos 13 . It has also been observed that piezoelectric nanoparticles can enhance neurite outgrowth in PC12 cells after nine days of treatment, by the conversion of ultrasound waves into electrical signals 14 . In addition, a recent study conducted on Drosophila shows that organic modified SiO 2 nanoparticles have little effect on the normal neuronal processes and development 15 .
Intracellular calcium (Ca 2+ ) signaling is essential for numerous biological processes, including neurotransmitter release, muscle contraction and activation of signaling pathways 16 . With particular regard to neurite outgrowth, it has been shown that localized increases in Ca 2+ concentration result in protrusion of filopodia and growth cone turning 17 . Similarly, it has been observed that a moderate increase in the overall cytoplasmic Ca 2+ concentration can initiate or promote axonal motility and extension 18 .
Herein we demonstrate that laser exposure of Au NRs can promote activity in NG108-15 neuronal cells, in terms of both the differentiation process and intracellular Ca 2+ signaling. Cells were cultured with bare Au NRs, poly (4-styrenesulfonic acid) (PSS)-coated and silica (SiO 2 )-coated Au NRs and exposed to a 780 nm laser diode (LD). Results were assessed by measuring the maximum neurite length, the number of neurites per neuron and the percentage of neurons with neurites. Cytotoxicity was measured as a key parameter to confirm that cellular viability was maintained.
When the intracellular Ca 2+ signaling was monitored, evidence of photo-generated transients were recorded without altering other normal cell functions. These results open new opportunities for peripheral nerve regeneration treatments and for the process of infrared nerve stimulation.
MATERIALS AND METHODS

Nanorod synthesis
Chemicals. Cetyltrimethylammonium bromide (CTAB), hydrogen tetrachloroaurate (III) trihydrate (HAuCl 4 ·3H 2 O, 99.9+%), sodium borohydride (NaBH 4 ), silver nitrate (AgNO 3 ), ascorbic acid, tetraethyl orthosilicate (TEOS), poly(styrene sulphonate) (PSS, Mw 70,000), poly(allylamine hydrochloride) (PAH, Mw 10,000), poly(vinylpyrrolidone) (PVP, Mw 10,000), ammonium hydroxide (NH 4 OH) (~28 wt% in water), and 2-propanol (>99.9%) were obtained from Sigma Aldrich and used as received without further purification.
Synthesis of Au NRs. Au NRs were synthesized according to a seed-mediated method 19 , with minor modifications. Typically, at room temperature, 600 µl of 10 mM ice-cold NaBH 4 was added quickly into a solution containing 250 µl of 10 mM HAuCl 4 and 9.5 ml of 100 mM CTAB under vigorous stirring. The Au seed solution was allowed to stand for 2 hours at room temperature. For Au NR growth, 9.5 ml of 100 mM CTAB, 500 µl of 10 mM HAuCl 4 , 75 µl of 10 mM AgNO 3 were mixed. Then 55 µl of 100 mM ascorbic acid was added and the growth mixture turned from a brownyellow to colourless. To initiate nanorod growth, 12 µl of seed solution was added into the mixture, which was then left undisturbed overnight at room temperature. The as-synthesized Au NRs were centrifuged twice for 12 min at 10,737 g to remove excess CTAB in the solution and finally redispersed in 10 ml of water. 2 -coated Au NRs. Layer-by-layer (LbL) technique was used to coat Au NRs with polyelectrolyte multilayer for transfer to 2-propanol 20 for silica coating. Firstly, 10 ml of PSS (2 mg/ml, 6 mM NaCl) was added to 10 ml of Au NRs under stirring. The mixture was then stirred for 3 hours at room temperature. The PSS/AU-NRs were obtained by centrifugation at 9,000 g for 15 min and finally redispersed in 10 ml of water. Next, 10 ml of PSS/Au-NRs were added into 10 ml of PAH (2 mg/ml, 6 mM NaCl) and the mixture was stirred for 3 hours. PAHNRs were centrifuged twice for 15 min at 9,000 g and finally redispersed in 5 ml of water. Then, 5 ml of PAH-NRs were added into 2.5 ml of PVP (2 mg/ml) in water and the mixture was stirred overnight. PVP-NRs were centrifuged twice for 12 min at 9,000 g and finally redispersed in 500 µl of water. For silica coating, 1 ml of 2-propanol was added drop wise into 500 µl of PVP-NRs. Then 1.43 ml of NH 4 OH (3.84% v/v in 2-propanol) and 400 µl of TEOS (0.97% v/v in 2-propanol) were added into the mixture and vortexed for 2 hours. The resulting SiO 2 /Au-NRs were washed with 2-propanol and water by centrifugation at 5,500 g and finally redispersed in 2 ml of water.
Synthesis of PSS-and SiO
Nanorod characterization
UV/Vis absorption spectra were collected with a Varian Cary 300 spectrophotometer. The size distribution and uniformity of the particles were investigated using a JEOL 1010 transmission electron microscope (TEM) operating at an accelerating voltage of 100 kV. TEM samples were prepared by dropping 20 µl of Au NR solution on 300 mesh carboncoated TEM grid and dried in air. Zeta potential (ζ) was measured by using a Brookhaven 90 Plus particle sizer and zeta potential analyser. ImageJ software was used for image analysis.
NG108-15 neuronal cell culture
NG108-15 mouse neuroblastoma × rat glioma hybrid cells were obtained from the European collection of cell cultures (ECACC) and grown in Dulbecco's modified Eagle medium (DMEM) containing 10% (v/v) foetal calf serum (FCS), 1% (v/v) glutamine, 1% (v/v) penicillin/streptomycin and 0.5% (v/v) amphotericin B (cell culture medium) in a humidified atmosphere with 5% CO 2 at 37 °C. Cells used for experiments were 70% -80% confluent in culture and no older than passage 21.
To induce differentiation, FCS was removed from the medium 21 . Cells were cultured in DMEM containing 1% (v/v) glutamine, 1% (v/v) penicillin/streptomycin and 0.5% amphotericin B (under serum-free conditions) in a humidified atmosphere with 5% CO 2 at 37°C.
MTS
For NRs used in cell culture, any excess CTAB was removed from NRs by further centrifugation for 15 min at 7826 g followed by re-suspension in distilled water. Au NRs were subjected to two cycles of this treatment, while a single cycle was used for the other NRs. All of the particles were sterilized for 30 min with UV light and then sonicated for 5 min prior to cell culture. Cells in culture were mechanically detached from T-75 flasks and 2 × 10 4 cells/cm 2 were seeded in 96-well plates with 200 µl of cell culture medium containing 5% (v/v) NRs solution. Control experiments were run without the addition of NRs to the medium. Cells were incubated at 37°C / 5% CO 2 for one and four days. After this time, MTS assays were performed to evaluate the effects of NRs on cell attachment and growth.
CellTiter 96 AQueous One Solution Cell Proliferation Assay kit (Promega, USA) was used to assess cellular viability. The solution reagent contains a tetrazolium compound (3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS) and an electron coupling reagent (phenazineethosulfate; PES). The tetrazolium compound is reduced into a coloured formazan product by metabolically active cells. Cell culture medium was removed and replaced with 100 µl of warm phosphate-buffered saline (PBS) containing 1:10 of MTS solution. Samples and controls (solution without cells) were then incubated in the dark for 3 hours at 37°C / 5% CO 2 . After this, the solution was removed and centrifuged for 5 mins at 7826 g. The absorbance at 490 nm of 50 µl of each sample was measured with a plate reader. The value obtained for the control (MTS solution in PBS without cells) was than subtracted for each absorbance. Data were normalized with the highest MTS value obtained for each independent measurement. Three repeats of the same experiment were made, with two independent measurements (n=2) performed for each condition. Results are expressed as mean and standard error of the mean. Student's t-test was used to compare the differences between groups of data. P < 0.05 was considered to be statistically significant.
Laser-induced neuronal cell differentiation
Cells were mechanically detached from T-75 flasks and seeded in serum free conditions as detailed in Section 2.4. After 1 day of growth, between 80% and 90% of cell culture medium was removed and samples were uniformly irradiated with a 780 nm single mode fibre-coupled laser diode (OptoTech, Australia) positioned ~ 2.7 mm away from the target. The time of irradiation was 1 minute in continuous wave (CW) mode. Laser power was adjusted between 5 mW and 30 mW. Laser irradiances were calculated post hoc, assuming a beam radius of ~ 350 µm. After laser irradiation, 200 µl of the serum-free medium was replaced and the culture allowed to proceed for three additional days. After this time, samples were fixed and stained with anti-βIII-tubulin (neuronal marker) using the following methods.
Cell culture medium was removed and samples were fixed with 3.7% (v/v) formalin for 10 min, then permeabilized with 0.1% (v/v) Triton X-100 for 20 min. Unreacted binding sites were blocked with 3% (w/v) bovine serum albumin (BSASigma Aldrich) for 60 min, followed by an overnight incubation with anti-βIII-tubulin (1:2000 in 1% BSA -Promega, UK) at 4 °C. On the following day, cells were incubated with a rhodamine-conjugated anti-mouse IgG antibody (1:100 in 1% BSA -Vector Labs, USA) for 90 min, followed by a 10 min incubation with DAPI (300 nM in PBS -Sigma Aldrich) to label the nuclei. Each labeling stage was followed by two rounds of washing for 5 min with PBS to remove excess unbound antibody.
Samples were imaged by epifluorescence microscopy using a 20× objective (ImageXpress5000A -Molecular Devices, USA) using rhodamine filters (λ EX = 556 nm /λ EM = 573 nm) to image neuronal cell bodies and neurites or DAPI filters (λ EX = 340 nm / λ EM = 488 nm) to visualize cell nuclei. Data was processed using a customized software algorithm (Molecular Devices, USA), which scanned each microscopic field of view and made quantitative measurements to assess neuronal cell differentiation -these included: i) maximum neurite length, ii) number of neurites per neuron and iii) the percentage of neuronal cells bearing neurites 22 . At least 172 cells were analysed for each condition, with three independent measurements (n=3) performed. Results are expressed as mean and standard error of the mean. Student's ttest was used to compare the differences between groups of data. P < 0.05 was considered to be statistically significant.
Laser-induced Ca 2+ transients
Cells in culture were mechanically detached from T-75 flasks and 2 × 10 4 cells/cm 2 were seeded in a µ-slide well (Ibidi, DE) with 300 µl of serum-free medium containing 5% (v/v) NR solution. Control experiments were run without the addition of NRs to the medium. Cells were incubated at 37 °C / 5% CO 2 for three days. After this time, medium was replaced with balanced salt solution (BSS; 135 mM NaCl, 4.5 mM KCl, 1.5 mM CaCl 2 , 0.5 mM MgCl 2 , 5.6 mM glucose, and 10 mM HEPES, pH 7.4). 23 Cells were loaded for 30 minutes at 37 °C / 5% CO 2 with 5 µM Fluo-4 AM (Invitrogen, USA) in DMSO and 0.1 % (w/v) of Pluronic F-127 (Invitrogen, USA). Pluronic F-127 was added to the solution to facilitate the dispersion of the acetoxymethyl (AM) esters. Following the incubation time, cells were washed twice with BSS to remove any extracellular unloaded fluorophore.
Imaging was performed at room temperature on an inverted Zeiss LSM 510 meta-confocal microscope as indicated in Ref. 24 . Briefly, a 40× oil-immersion objective was used to collect time-series scans with 256 × 256 pixels/frame resolution in roundtrip mode. An argon-ion laser (488 nm) was used for excitation (λ EX = 494 nm / λ EM = 516 nm). A 780 nm single mode fibre-coupled laser diode (LD -OptoTech, Australia) was used to excite the NRs. The output fibre was mounted into a custom micro-manipulator and positioned 250-300 µm away from the target by observing the surface of the fibre in transmission illumination mode. The laser was modulated using a square signal of 1 Hz, with variable pulse lengths (between 20-100 ms). The radiant exposure at the target cells varied between 0.07 J/cm 2 and 406.71 J/cm 2 , assuming a beam radius of ~ 30 µm. Synchronization of image acquisition was accomplished using the laser signal as TTL input for the microscope.
Post-processing of the image sequences was performed using ImageJ software and a custom-coded program developed with Matlab (MathWorks, US). Relative fluorescence intensities were averaged over each cell for each frame. The baseline signal has been removed with an adaptively weighted penalised least-squares method. Transient peaks were determined by thresholding at a level three times the standard deviation of the baseline noise (3σ).
RESULTS
Nanorod synthesis
SiO 2 coated Au NRs were prepared by first coating Au NRs with a sequence of polyelectrolytes (PSS, PAH, and PVP) followed by SiO 2 coating via the Stöber method 25 . The as-synthesized Au nanorods (bare Au NRs) possessed a positive ζ of +32 mV due to the presence of positively charged CTAB on the Au surface. A reversal of surface potential was observed upon coating with a negatively charged polyelectrolyte PSS, reaching a ζ of -52.4 mV. Upon coating with PAH, the ζ was shifted to +28 mV. Finally PVP was coated which lowers the zeta potential to -10 mV. PVP provides the pyridyl groups which interact with hydroxyl groups of the hydrolyzed TEOS. The resultant silica coated Au NRs had a ζ of -27 mV. Figure 1 shows the absorption spectra of the longitudinal surface plasmon resonance (SPR) peaks of the various coated and uncoated NRs. Coating with PSS resulted in a 20 nm blue-shift of the SPR peak. SiO 2 coating on PSS/Au NRs shifted the SPR peak to red by a further 40 nm. Spectral shifts can readily be explained by the change in the local refractive index around the Au surface caused by the polyelectrolyte layers and SiO 2 shell 20 . The SPR absorption of PSS/Au and SiO 2 /Au NRs were tailored to around 780 nm for subsequent laser work. The insets in Figure 1 show TEM images of bare Au NRs (inset A) and SiO 2 coated Au NRs (inset B). The average length and width of bare Au NRs was measured to be 48.0 ± 3.4 nm and 12.9 ± 2.1 nm, respectively. The average wall thickness of SiO 2 shell was measured to be 23.4 ± 1.0 nm. 
Cytotoxicity
Investigation of the interaction between NRs and neuronal cells initially focused on three parameters: i) concentration of NRs; ii) potential cytotoxicity and iii) intracellular uptake. The optimal concentration of NRs for cell culture was assessed using an MTS assay (data not shown). An effect on cell viability was detected at ratios greater than or equal to 1:10 (v/v). Therefore 1:20 (v/v) was chosen as being optimal, based on a balance between avoiding any effect on cell viability and maximizing the number of particles per cell.
Cytotoxicity was checked with MTS analysis (Figure 2 ). The metabolic activity of neuronal cells after one day incubation with bare Au NRs showed a significant difference between the sample (0.52 ± 0.03) versus control (0.44 ± 0.03) (p<0.01). The addition of PSS/Au and SiO 2 /Au NRs did not significantly affect cell viability at this time point. After four days of incubation no significant difference was detected between control samples and cells with SiO 2 -coated NRs, while a slightly lower metabolism was detected on neuronal cells cultured with bare Au and PSS/Au NRs (p<0.05). These results indicated that SiO 2 /Au NRs had the lowest toxicity on NG108-15 neuronal cells. Higher MTS values were observed in all samples after four days in culture with NRs, indicating that cell proliferation was maintained. Intracellular uptake was monitored by fluorescence microscopy of RhB-labeled NRs (data not shown). Cells were observed to have internalized particles from Day 1, with an increased particle number at Days 3 and 5. In all samples, RhB fluorescence was observed in clusters throughout the cytoplasm, without entering the nucleus.
Laser-induced neuronal cells differentiation
To investigate the effect of laser energy on neuronal cell differentiation, cells were incubated with NRs for one day, to allow the internalization of the rods, and then irradiated with the 780 nm LD. After the irradiation, neuronal cells were cultured for a further three days in serum-free medium without the application of any external agents. Figure 3 shows micrographs of cells stained with β-III tubulin after exposure to different NRs and laser irradiations. It was observed that the combination of NRs and laser irradiation induced changes in neuronal cell differentiation, and in particular in neurite outgrowth. The quantitative measurements to assess neuronal cell differentiation are shown in Figure 4 . It was noticed that the laser irradiance generally enhanced the differentiation process, with a specific effect observed in the neurite outgrowth. Figure  4A represents the quantification of the maximum neurite length. An almost constant neurite length was noticed for the control experiment. Interestingly, the samples cultured with NRs generally showed a positive correlation between neurite length and laser power. The highest neurite outgrowth was almost 25 µm (36%) greater than the sample not exposed to the laser irradiation. On average, the final neurite length for Au NRs was found to be 91.0 ± 3.6 µm, for PSS/Au NRs it was 93.1 ± 9.2 µm and for SiO 2 /Au NRs 95.0 ± 3.3 µm (p < 0.05). These values were almost 20% greater than the control, suggesting that the laser exposure of NRs was responsible for this stimulated growth. Laser irradiance (W/cm2) 8 Figure 4B shows the quantification of the number of neurites per neuron. Laser exposure had a generally positive effect, with no significant difference detected between the samples and the control. Interestingly, the highest laser dose (7.5 W/cm 2 ) appears to correlate with the lowest number of neurites per neurons of the laser-exposed samples.
The percentage of neurons bearing neurites was quantified in Figure 4C . Also for this parameter, no specific effect was correlated to the presence of intracellular NRs. Interestingly, an overall increase in the process of neuronal formation was detected amongst all of the exposed samples. The average percentage increase was almost 42% for 1.25 W/cm 2 (p < 0.01), 37% for 3.75 W/cm 2 (p < 0.01) and 24% for 7.5 W/cm 2 (p < 0.05). These values not only suggest a stimulatory effect induced by the laser energy, but also an inverse correlation between the stimulation and the laser irradiance. Figure 4 . Quantification of maxium neurite length (A), number of neurites per neuron (B) and percentage of neurons with neurites (C) after laser irradiation. Neuronal cells were irradiated with the 780 nm LD after one day of culture in serum free medium and then analysed after a further three days of incubation.
Laser-induced Ca 2+ transients
The effect of the laser energy on intracellular Ca 2+ signaling was then studied. NG108-15 neuronal cells are not regarded as excitable and no spontaneous activity was detected. Initially, the maximum intracellular Ca 2+ uptake was evaluated by exposing loaded cells to ionomycin (data not shown). The average maximum fluorescence divided by the average fluorescence of the baseline (ΔF max /F 0 ) was then calculated. ΔF max /F 0 increased by about 0.8 ± 0.1, based on the average response of 13 cells.
After exposure of intracellular Au NRs to the 780 nm LD, evidence of photo-generated transient calcium release was recorded ( Figure 5 ). The average peak fluorescence amplitudes proved to be significantly higher than that of the neat cells at low radiant exposures. The highest value has been detected for a radiant exposure of 0.33 J/cm 2 , with an increase in fluorescence of 0.31 ± 0.02 from the baseline level. Figure 5 shows examples of typical low, medium and high amplitude response. The graphs represent the Ca 2+ variations as a function of time evaluated on a single cell. It is clear that the response was not consistently triggered by the laser pulses. This may be due to a temporary exhaustion of the Ca 2+ store inside the cells. Figure 5B also shows a typical low frequency oscillation detected in the amplitude of the A.
responses. Simulated data on this phenomenon showed that the likely explanation is a sampling artifact due to a mismatch between the confocal laser scanning frequency of ~ 4 Hz and the stimulus frequency of 1 Hz (data not shown).
NG108-15 cells cultured without NRs (control) also showed evidence of photo-generated Ca 2+ release (data not shown). These were distinguished from the NR-induced response by their smaller amplitude. A total of 115 cells were analyzed, finding an average peak amplitude increase of about 0.05 ± 0.01. The stimulated response with NRs falls below this value for radiant exposures greater than ~ 80 J/cm 2 . In other words, Ca 2+ levels were only enhanced in the NR-cultured cells compared to the control for radiant exposures below 80 J/cm 2 . 
DISCUSSION
We report in this study on the behaviour of neuronal cells when cultured with Au NRs and irradiated with a low-power laser device. In particular, we show that a combination of Au NRs and 780nm light can be used to enhance neuronal outgrowth and to induce an intracellular Ca 2+ response in NG108-15 neuronal cells.
Au NRs with a plasmon absorption peak at 780 nm were synthesized by a seed mediated method, after which PSS and SiO 2 coatings were deposited by a layer-by-layer self-assembly technique. Biocompatibility was assessed by cell viability measurements, which showed no significant neuronal cell toxicity induced by the particles. MTS viability data also confirmed the maintenance of neuronal proliferation after incubation with NRs, suggesting a good preservation of the normal cell function.
Neuronal cell differentiation was also investigated as a function of laser power. Cells cultured with NRs and irradiated with the 780 nm LD showed an increase in average neurite length, which was shown to positively correlate with the laser power. The greatest neurite growth was achieved with the highest irradiation dose of 7.5 W/cm 2 , with a neurite length on average almost 36% higher than the non-irradiated sample. This result suggests that NIR exposure of NRs was responsible for the increased neurite length. It has been shown that NIR light can also be used to guide axonal growth 26 , a behavior that has been linked to processes induced by the localized heating of the cell 27 . The responses observed in this study correlate well with this hypothesis, as it is well known that heat generation is a major consequence of the excitation of the plasmonic peak of nanoparticles 28 . We can therefore speculate that the heat produced by the plasmonic excitation was responsible for the described effects. This also suggests that other size/shape NPs with different plasmon absorption wavelengths could produce comparable results to those presented here when excited with a wavelength-matched laser.
The downstream signal transduction pathway participating in this effect has not yet been resolved. Several studies have shown that activation of the NF-kB pathway can lead to an increase in a wide number of cell metabolic activities 29, 30 , with an effect observed on neurite outgrowth as well 31 . Besides, it has also been shown that a moderate increase in the overall cytoplasmic Ca 2+ concentration can initiate or promote axonal motility and extension 18 . This hypothesis seems to correlate well with our observations, where Ca 2+ variations have been induced by laser exposure of NRs.
The effect of laser energy on intracellular NRs was also observed during the recording of the Ca 2+ variations as a function of time. We can speculate again that the heat produced by the plasmonic excitation was responsible for the described effect. These findings are consistent with the observations of Dittami et al. 24 , where Ca 2+ transients were triggered in rat ventricular cardiomyocytes by pulsed infrared radiation at 1862 nm. The thermal activation of cells has also been recently proved in X. laevis oocytes 32 and retinal ganglion cells 33 .
In addition to the effects induced by the NRs excitation, a stimulatory effect of the 780 nm light was also observed. This was independent of the presence of intracellular NRs. The stimulatory effect has been recognized in the differentiation process on the number of neurites per neuron and the percentage of neurons with neurites, and during the Ca 2+ recording. The stimulatory effect of 780 nm light has already been demonstrated on bone repair 34 and keratinocyte cultures 29 . This study also showed the possible involvement of reactive oxygen species in the process, suggesting again the involvement of the NF-kB pathway in the stimulatory mechanism. The results presented here suggest that the 780 nm energy can also be used to directly enhance the process of neurite formation, but the exact role of NF-kB in the stimulation pathway needs to be investigated further. The Ca 2+ signal observed without the presence of NRs can be explained due to the energy absorbed within the mitochondria. Indeed it has been shown that almost 50% of 780 nm light is absorbed by chromophores within the mitochondria, such as cytochrome c oxidase 35 .
CONCLUSIONS
This study reveals that laser exposure of NRs in neuronal cells can stimulate both differentiation and Ca 2+ response in NG108-15 neuronal cells. To the best of our knowledge, this effect has never been reported before and it appears to be linked to the thermal activation from excitation of the localized SPR in the NRs. Further work is required to understand the exact mechanisms of the stimulation and clarify the role of the thermosensitive TRPV channels in the process. Besides, further studies are required to understand the link between the two observed phenomena. These findings show the potential to improve the efficiency of optical stimulation and to promote peripheral nerve regeneration, particularly by combining the observed effect with other known methods for enhancing neurite outgrowth 21 .
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